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ELECTRIC CURRENT DETECTION
APPARATUS

BACKGROUND OF INVENTION

1. Field of Application

The present invention relates to an electric current detec-
tion apparatus for detecting values of electric current flow in
cach of two systems which always have respectively difler-
ent conduction occasions, where the term “conduction occa-
sion” 1s used herein to signify a time during which current
flow occurs through a specific electrical system or conduc-
tor.

In particular, the invention relates to such an electric
current detection apparatus that 1s applicable to two systems
having a large difference between the respective dynamic
ranges ol currents which flow in the two systems. The
invention further relates to an electric current detection
system, a battery module which combines a current detec-
tion function with a storage battery, and a battery status
monitoring method, each of which utilize such an electric
current detection apparatus.

2. Prior Art Technology

In recent years, with increasing amounts of electrical
apparatus being mounted on motor vehicles, the require-
ments for the amount of electric power that must be supplied
to the electrical apparatus from the electrical storage battery
(referred to heremaiter simply as the battery) of the vehicle
has icreased accordingly. At the same time, due to the need
to ensure high reliability of the electric power supply of a
motor vehicle, advances have been made 1n technology for
monitoring the status of the battery, 1.e., for monitoring the
SOC (state-oi-charge), indicative of the degree to which the
battery 1s charged, and the SOH (state- of-health) indicative
of the overall condition of the battery and 1n particular the
remaining energy storage capacity of the battery (referred to
in the following simply as the residual capacity).

A typical method of battery status detection 1s described
for example 1n Japanese Patent Laid-open No. 2910184,
wherein a correlation map of the relationships between
values of internal resistance of a vehicle battery and values
of residual capacity of the battery 1s prepared and stored
beforechand. When the vehicle engine 1s started, a residual
capacity value 1s calculated using the correlation map, based
on the internal resistance of the battery at that time. There-
alter, that residual capacity value 1s successively incre-
mented or decremented in accordance with successive
amounts of discharge current from the battery or of charging
current supplied to the battery, to thereby successively
update the actual residual capacity value.

The internal resistance of the battery at the time of engine
starting 1s calculated based on the starting current that 1s
supplied from the battery to the starter motor of the vehicle
when the engine 1s being started, and the voltage that
appears between the battery terminals at that time.

When a vehicle engine 1s started by using the starter
motor, then as shown 1n FIG. 10A the starter signal 1s held
at a level which will be referred to as the ON level during
a time interval t1~t2, during which a very high level of
starting current (for example, 500~1000 A) flows, for pro-
ducing suflicient torque to start the engine. When engine
starting has been completed, the generator of the vehicle
begins to be driven by the engine to generate electric power,
and this imitiates charging of the battery by a flow of
charging current from the generator. Rapid charging of the
battery occurs while the charging current 1s mnitially at a high
level during the interval from t2~t3 as shown 1 FIG. 10A.
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However the level of charging current at that time (and
thereafter) 1s substantially lower than the starting current,
being approximately 200 A or lower.

If it 1s attempted to use a single magnetic sensor to
measure the respective values of current that flow 1n such
two systems during two respectively different conduction
occasions (1.e., the conduction occasions from tl1 to t2 and
from t2 to t3, respectively), then since the currents that tlow
in the two systems have respective dynamic ranges that
differ greatly, 1t 1s necessary to use a magnetic sensor having
a detection range corresponding to the largest of the afore-
mentioned two dynamic ranges, as illustrated 1n FIG. 10B.
However 1f the detection range 1s made so large, then the
detection resolution will become correspondingly lower, so
that problems arise with respect to accuracy of detection
when measuring the levels of battery current that flow after
engine starting has been completed.

In the prior art, in order to accurately measure the currents
which flow 1 two such different systems whereby the
respective currents have dynamic ranges that differ greatly,
it has been necessary to use two electric current detection
apparatuses which have respectively diflerent detection
ranges, or (as described 1n Japanese Patent Laid-open No.
06-201731) to use a magnetic balance type of electric
current detection apparatus that can be switched in detection
range.

However if an electric current detection apparatus utiliz-
ing two current detectors having respectively different detec-
tion ranges 1s used, then the overall size of the apparatus will
become large, so that 1t 1s dithicult to find space for mounting
the electric current detection apparatus in the vehicle, and in
addition this 1s not an efhicient measure, from the aspect of
manufacturing costs.

On the other hand, 1f an electric current detection appa-
ratus having the magnetic balance type of current detector 1s
used, with switching of the current detection range being
accomplished by varying the oflset magnetic flux, 1t is
necessary for the current detector to imncorporate a feedback
winding and a bias winding, wound around a magnetic core.
Hence, the structure becomes complex, so that the manu-
facturing cost 1s high. Furthermore, due to the inductance of
the feedback winding, the problem arises that the switching
response when changing the detection range 1s poor.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to overcome the
above problems of the prior art, by providing an electric
current detection apparatus having a single electric current
detector that can accurately detect respective levels of
current that flow 1n two different systems during respectively
different conduction occasions, with the respective current
flows diflering greatly in dynamic range. It 1s a further
objective to provide such an electric current detection appa-
ratus which has a simple configuration and which can
thereby be manufactured at low cost.

To achieve the above objectives, according to a first
aspect the mvention provides an electric current detection
apparatus for detecting a {irst current which flows 1n a first
current path during a first conduction occasion and a second
current which 1s lower than the first current and tlows 1n a
second current path during a second conduction occasion
which differs from the first conduction occasion, with the
clectric current detection apparatus comprising a first con-
ductor that 1s connected 1n the first current path, a second
conductor that 1s connected in the second current path, a

third conductor that 1s connected in parallel with the first
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conductor, a magnetic core for forming a magnetic circuit
and concentrating a magnetic field produced by flow of the
first current in the first conductor and a magnetic field
produced by flow of the second current in the second
conductor, and a magnetic sensor that 1s inserted in the
magnetic circuit, for detecting a flux density of a magnetic
flux that 1s produced in the magnetic circuit, with the
magnetic sensor having a detection range that corresponds to
a dynamic range of values of current which flow 1n the
second conductor. The ratio of respective values of resis-
tance of the first conductor and the second conductor i1s
predetermined such that the flux density produced in the
magnetic circuit due to current flow through the first con-
ductor 1s within a detection range of the magnetic sensor,
1.€., 1s of the same order of magnitude as the flux density
resulting from current flow through the second conductor.

With such an apparatus, since the first and third conduc-
tors are connected 1n parallel within the first current path,
part of the aforementioned first current that flows 1n the first
current path 1s shunted through the third conductor (which 1s
disposed such as not to influence the magnetic sensor). That
1s to say, current branching of the first current occurs
between the first and third conductors, with a branching ratio
that 1s determined by the respective values of electrical
resistance of the first and third conductors. According to this
first aspect of the invention, these respective values of
clectrical resistance are predetermined such that the respec-
tive dynamic ranges of magnetic flux density produced in
the magnetic circuit due to current flow through the first
conductor and due to current flow through the second
conductor, respectively, are both within the detection range
of the magnetic sensor.

In that way, levels of current flow along the first current
path and of current flow along the second current path can
cach be accurately detected using the same magnetic sensor,
even 1f the respective current levels differ substantially.

Such an electric current detection apparatus 1s suitable for
a vehicle application, with respective first ends of the first,
second and third conductors being electrically connected to
a positive terminal of the vehicle battery, respective second
ends of the first and third conductors electrically connected
through the first current path to a first electrical load that 1s
constituted by the starter motor of the vehicle, and a second
end of the second conductor electrically connected through
the second current path to a second electrical load that 1s
constituted by other equipment of the vehicle. In that way,
a single magnetic sensor can be used to detect a high level
of current supplied from the battery to the starter motor
during respective conduction occasions (1.e., each period
during which battery charging i1s performed) and low levels
of current that are supplied from the battery to the second
load (or received, as a charging current by the battery),
during different conduction occasions from those of the first
load (1.e., occurring after engine starting has been com-
pleted).

As an alternative configuration, the aforementioned third
conductor 1s omitted. Instead, the second conductor 1s
formed with a coil portion, which 1s wound around a part of
the magnetic circuit, and the number of turns of the coil
portion 1s predetermined such that the flux density which 1s
produced i the magnetic circuit due to the current flow
through the second conductor 1s within the detection range
of the magnetic sensor.

In that way, an amplified level of magnetic flux density 1s
produced by current flow through the second conductor. The
degree of amplification 1s proportional to the number of
turns of the coil portion of the second conductor, and that

10

15

20

25

30

35

40

45

50

55

60

65

4

number of turns 1s predetermined such that the magnetic tlux
produced 1n the magnetic circuit due to current tlow through
the second conductor 1s within the dynamic range of the
magnetic sensor. In this case, the magnetic sensor can have
a detection range that corresponds to the dynamic range of

levels of magnetic flux produced due to current flow 1n the
first conductor.

Hence with such a configuration also, current flow along
the first current path and current flow along the second
current path, occurring in respectively different conduction
occasions, can each be detected by using the same magnetic
sensor, rrespective of the fact that the respective dynamic
ranges ol current flow may differ substantially.

Such an apparatus also may be utilized in a vehicle, with
respective first ends of the first conductor and the second
conductor being electrically connected to a positive terminal
of the vehicle battery (or connected to the vehicle body), a
second end of the first conductor electrically connected
through the first current path to a first electrical load that 1s
constituted by the starter motor of the vehicle, and a second
end of the second conductor electrically connected through
the second current path to a second electrical load that 1s
constituted by equipment of the vehicle other than the starter
motor.

It can be understood from that use 1 such a vehicle
application 1s based upon the fact that a flow of normal
discharge current from the battery or of charging current to
the battery can only occur after engine starting has been
completed, 1.e., after the flow of charging current has ceased.
Specifically, during an engine starting period (constituting
an alorementioned first conduction occasion) the magnetic
flux sensor detects the magnetic flux density produced 1n the
magnetic circuit due to current flow through the first con-
ductor (1.e., the starting current) and produces an output
signal that varies in proportion to the magnetic flux density,
and during a period of undefined duration that begins upon
completion of the engine starting (constituting an aforemen-
tioned second conduction occasion) the magnetic flux sensor
detects a magnetic flux density produced in the magnetic
circuit due to current flow through the second conductor
(1.e., normal discharge current or charging current) and
produces an output signal that varies in proportion to the
magnetic flux density.

From another aspect, the mvention provides an electric
current detection system, comprising an electric current
detection apparatus according to the present mvention hav-
ing one of the configurations outlined above, together with
temperature sensor means for detecting the ambient tem-
perature of the magnetic sensor, and compensation means
functioning in accordance with a temperature value that 1s
detected by the temperature sensor means, to apply com-
pensation for a temperature dependency of the magnetic
SENSOr.

In that way even 11 the magnetic sensor has a temperature
dependency, accurate detection of values of magnetic flux
and hence accurate detection of current values can be
achieved.

Furthermore, the invention provides a battery module
suitable for use 1n a vehicle, consisting of an electric current
detection apparatus according to the present invention
mounted on a vehicle battery. This has the advantage of a
compact configuration, with only a minmimum length of
connecting lead being required between the electric current
detection apparatus and the positive terminal of the battery.

From another aspect, the invention provides a battery
status monitoring method consisting of:
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(a) utilizing an electric current detection apparatus
according to the present invention to detect the value of
starting current that flows 1n a starter motor from a battery
of a vehicle when starting of the vehicle engine 1s per-
formed, and detecting the battery voltage during the engine
starting,

(c) detecting an initial status quantity indicative of an
initial status of the battery (1.e., the residual capacity at the
time of engine starting) based on the acquired values of
starting current and battery voltage, and

(d) subsequent to the engine starting, repetitively incre-
menting the initial status quantity by respective quantities
that are based on successively obtained values of discharge
current or charging current of the battery.

In that way, the SOH of the battery can be accurately
determined each time that engine starting occurs, and can be
continuously monitored after engine starting has been com-
pleted.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view showing the configuration of an
clectric current detection apparatus according to a {irst
embodiment of the invention;

FI1G. 2 15 a cross-sectional view 1n elevation taken through
a plane A—A indicated i FIG. 1;

FIGS. 3A, 3B are timing diagrams showing the relation-
ship between a magnetic sensor output signal and charge/
discharge current tlows of a battery, with the first embodi-
ment;

FIG. 4 1s a plan view showing the configuration of an
clectric current detection apparatus according to a second
embodiment of the invention;

FIG. 5 1s a cross-sectional view 1n elevation taken through
a plane B—B indicated i FIG. 4;

FIG. 6 1s an oblique view of a battery module according
to a third embodiment;

FIG. 7 1s a block diagram of a battery status monitoring,
system according to a fourth embodiment;

FIG. 8 1s a block diagram illustrating the internal con-
figuration of a battery status ECU of the fourth embodiment;

FIG. 9 1s a graph showing a relationship between values
of battery internal resistance and residual capacity of a
battery, utilized with the fourth embodiment; and

FIGS. 10A, 10B are timing diagrams showing an example
of the relationship between battery charge/discharge current
flow and a magnetic sensor output signal, 1n the prior art.

DESCRIPTION OF PREFERRED
EMBODIMENTS

First Embodiment

FIG. 1 1s a plan view of an electric current detection
apparatus 1 according to a first embodiment. This 1s appli-
cable for example to a battery status monitoring system such
as that shown 1n FIG. 7 (described 1n more detail hereinat-
ter), for detecting a starting current that tflows from a battery
2 to a starter motor 3 (also shown 1n FIG. 7) when starting
of a vehicle engine 1s performed, and for monitoring a
charging current that flows from a generator 4 of the vehicle
into the battery 2, and moreover for detecting a discharge
current that flows from the battery 2 to other electrical
equipment of the vehicle (such as headlamps, air condi-
tioner, navigation apparatus, etc.).

FIG. 2 1s a cross-sectional view taken through a plane
A—A indicated 1n FIG. 1. As shown 1n FIG. 1, the electric
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current detection apparatus 1 1s made up of a 1st conductor
6 that 1s connected to a 1st supply lead 5 of a first current
path, a 2nd conductor 8 that 1s connected to a 2nd supply
lead 7 of a second current path, a 3rd conductor 9 that is
connected 1n parallel with the 1st conductor 6, a magnetic
core 10 which forms a magnetic circuit that peripherally
surrounds both the 1st conductor 6 and the 2nd conductor 8,
and a magnetic tlux sensor 11 for detecting the level of
magnetic flux density that 1s produced in the magnetic
circuit.

The 1st supply lead 5 1s a power supply cable for
supplying electric power from the battery 2 to the starter
motor 3 when engine starting 1s being performed. A starting
current having a maximum amplitude of approximately
1000 amperes tflows through the 1st supply lead 5 during the
time mterval t1~t2 shown 1n FIG. 3A, during engine starting.
The 2nd supply lead 7 1s a power supply cable for supplying
a charging current from the generator 4 to the battery 2 after
engine starting has been completed, and for supplying
discharge current from the battery 2 to other electrical
equipment of the vehicle.

After the vehicle 1gnition switch has been turned on, a
current at a level of 200 A or less tlows 1n the 2nd supply
lead 7, other than during engine starting. Such a current
which flows 1n a conduction occasion other than engine
starting will be generally referred to 1n the following as a
“normal current”, signifying a discharge current supplied
from the battery 2 to equipment other than the starter motor
or a charging current that 1s supplied to the battery 2 from
the generator 4.

Each of the 1st conductor 6, 2nd conductor 8 and 3rd
conductor 9 1s formed of a material having a high coetlicient
of electrical conductance such as copper, formed 1n a flat bar
shape with a rectangular cross-section. The 1st conductor 6
and 2nd conductor 8 have respectively similar cross-sec-
tional areas and lengths, and pass through the 1nner periph-
ery of the magnetic core 10. The 3d conductor 9 has a larger
cross-sectional area than the 1st conductor 6 and the 2nd
conductor 8. As shown 1n FIG. 1, the 3d conductor 9 1s
formed 1n a curved shape, with an L-configuration at each
end.

The 1st conductor 6 and 3rd conductor 9 are each fixedly
attached at one end thereof by a bolt 13 to a linking electrode
12, while respective opposite ends of the 1st conductor 6 and
3rd conductor 9 are each fixedly attached by a bolt 14 to a
terminal 5a, which 1s connected to the 1st supply lead 5. One
end of the 2nd conductor 8 1s fixedly attached to the linking
clectrode 12 by a bolt 15, while the other end of the 2nd
conductor 8 1s fixedly attached to a terminal 7a by a bolt 16,

with the terminal 7a being connected to the 2nd supply lead

7.

The linking electrode 12 1s fixedly attached by a bolt 18
to a battery terminal 17, which 1s connected to the positive
clectrode 2a of the battery 2.

The magnetic core 10 concentrates, 1n a magnetic circuit,
the magnetic flux that 1s produced due to current that flows
through the 1st conductor 6 and the magnetic flux that 1s
produced due to current flow through the 2nd conductor 8.
The magnetic core 10 1s formed of a magnetic material
having a very high magnetic permeability, such as ferrite,
permalloy, etc. As shown 1n FIG. 2, the magnetic core 10 1s
shaped with a gap 10a, 1n which 1s located a magnetic flux
sensor 11, which 1s thereby placed within the magnetic
circuit.

The magnetic flux sensor 11 serves to detect the magnetic
flux density which arises 1n the gap 10a of the magnetic core
10, and produces a sensor signal such as a voltage signal, 1n
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accordance with the magnetic flux density. The magnetic
flux sensor 11 can be implemented as a compound semi-
conductor Hall eflect element, formed of a material such as
GaAs, InSb, etc., or as a 1-chip mtegrated circuit having a
Hall effect element formed in a silicon chip of a processor
circuit, or as a magnetoresistive element, etc.

The magnetic flux sensor 11 has a detection range that
corresponds to the dynamic range of the current that tlows
in the 2nd conductor 8. Alternatively stated, the detection
range of the magnetic flux sensor 11 1s suitable for accurate
detection of currents that flow 1n the 2nd conductor 8 and
have levels of 200 A or less. In addition, the ratio of the
respective resistance values of the 1st conductor 6 and the
3rd conductor 9 (1.e., the ratio of the respective cross-
sectional areas of these) 1s predetermined such that the
magnetic tlux which 1s produced 1n the magnetic circuit due
to current flow through the 1st conductor 6 will be within the
detection range of the magnetic flux sensor 11.

The operation of the electric current detection apparatus 1
of this embodiment will be described in the following.
Firstly, when the vehicle engine 1s to be started, a starter
switch (not shown in the drawings) i1s set on, whereby an
internal operating relay of the starter motor 1s tripped, and
the starter signal 1s then held at the ON level during the time
interval from t1~12 as shown 1n FIG. 3A. During that time
interval, a starting current 1s supplied from the battery 2
through the 1st supply lead 5 to the starter motor 3. The
starting current has a maximum (peak) value that 1s approxi-
mately 1000 A, with the actual maximum value depending,
upon the engine cranking condition.

The starting current 1s branched from the linking electrode
12 through the 1st conductor 6 and the 3rd conductor 9, with
the branching ratio being determined by the ratio of the
respective cross-sectional areas of the 1st conductor 6 and
3rd conductor 9. Specifically, designating the cross-sectional
area of the 1st conductor 6 as S1 and that of the 3rd
conductor 9 as S3, and designating the starting current value
as Is, the corresponding value of current 11 that flows 1n the
1st conductor 6 1s obtained from equation (1) below:

T1=S1/(S1+S3)-Is (1)

Hence, 1f Is 1s 1000 A, and S1:S3=1:4, then 11=200 A.

Alternatively stated, the 3rd conductor 9 1s connected 1n
parallel with the 1st conductor 6 and outside the magnetic
circuit, so that a predetermined proportion of the starting
current by-passes the magnetic circuit, thereby reducing the
number of ampere-turns of the starting current which actu-
ally produce magnetic flux 1in the magnetic circuit.

When engine starting has been completed, the generator
4 begins to be driven by the engine to generate electricity,
and a high level of charging current begins to flow from the
generator 4 to the battery 2 through the 2nd supply lead 7
and 2nd conductor 8, to rapidly replenish the charge which
has been used in starting the engine. This rapid charging
condition of the battery 2 continues during the interval t2~t3
illustrated 1n FIG. 3A. Durning that interval, the charging
current level 1s approximately 200 A or less. It the value of

I1 1s set as approximately 200 A as described above, then the
magnetic flux that 1s produced 1n the magnetic circuit due to
current flow I1 through the 1st conductor 6 and the magnetic
flux that 1s produced in the magnetic circuit due to current
flow 12 through the 2nd conductor 8 will be of approxi-
mately similar magnitudes.
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The starting current Is can be obtamned by secondary
derivation, from the current 11 that flows 1n the 1st conductor
6, by using the following equation (2):

Is=(S1+S3)/S1-I1 (2)
With the first embodiment described above, since the start-
ing current having a maximum value of approximately 1000
A flows 1n the 1st supply lead 5 only during a corresponding
conduction occasion (1.e., an engine starting period) and the
normal current of approximately 200 A or less tlows in the
2nd supply lead 7 only during a corresponding conduction
occasion (1.e., subsequent to completion of engine starting),
the electric current detection apparatus distinguishes
between the flows of starting current and of normal current
based on the fact that these occur during respectively
different conduction occasions.

Furthermore due to the fact that the 1st conductor 6 and
3rd conductor 9 are connected in parallel and are connected
in common to the 1st supply lead 5, the starting current tlows
through the 1st conductor 6 and the 3rd conductor 9 as
respective branches, with the branching ratio being deter-
mined by the ratio of the respective cross-sectional areas of
the 1Ist conductor 6 and 3rd conductor 9, 1.e., by the
respective resistance values of these.

With the above embodiment, the respective resistance
values of the 1st conductor 6 and 3rd conductor 9 are
predetermined such that the current which tlows 1n the 1st
conductor 6 1s approximately equal to the current that flows
in the 2nd conductor 8, while the magnetic flux sensor 11 is
configured to have a detection range that approximately
corresponds to the dynamic range of the current that tlows
in the 2nd conductor 8. In that way, 1t becomes possible for
the single magnetic sensor 11 to be used for detecting the
current that flows in the 1st conductor 6 with a similar
degree of accuracy to detection of the current which flows 1n
the 2nd conductor 8.

Hence with the above embodiment, the electric current
detection apparatus 1, using only a single magnetic sensor
having a very simple configuration, can accurately measure
the respective values of current that flow 1n two systems in
respectively different conduction occasions even when the
respective currents have greatly different dynamic ranges,
such as 1s the case with the starting current and the normal
levels of charge or discharge current that flow subsequent to
completion of engine starting, which occur 1n the case of a
vehicle battery as described above.

Moreover with the above embodiment, it 1s not necessary
to provide a high density winding for use 1n bypass adjust-
ment of the magnetic core 10 to implement such an electric
current detection apparatus, so that such an apparatus can be
manufactured at lower cost than 1s possible for example with
a prior art apparatus that uses a magnetic balance type of
current detector with detection range changeover.

Second Embodiment

FIG. 4 1s a plan view of an electric current detection
apparatus, designated by numeral 100, according to a second
embodiment. In FIG. 4, components corresponding to com-
ponents 1n the electric current detection apparatus 1 of FIG.
1 are indicated by reference numerals respectively corre-
sponding to those 1n FIG. 1, and detailed description of these
will be omitted. With the first embodiment described above,
the 1st conductor 6 and the 3rd conductor 9 are connected
mutually 1n parallel and are connected 1n common to the 1st
supply lead 5. Hence at the time of engine starting, the
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starting current branches through the 1st conductor 6 and the
3rd conductor 9, thereby reducing the proportion of the
starting current that flows through the first conductor 6.
However with the second embodiment, there 1s no reduction
of the proportion of the charging current that flows through
the 1st conductor 6 during engine starting. Instead, the
magnetic flux that 1s generated by the flow of normal (or
charging) current through the 2nd conductor 1s amplified.
The following description will be mainly concerned with
points of difference between the first and second embodi-
ments.

The 2nd embodiment does not include the 3rd conductor
9 of the first embodiment, with only the 1st conductor 6
being connected to the 1st supply lead 5, and so carrying all
of the starting current during engine starting. In the same
way as for the first embodiment, the 1st conductor 6 1s
formed of a flat bar of rectangular cross-sectional shape,
attached by bolt 13 to the linking electrode 12 at one end,
and attached to the terminal 5a of the 1st supply lead 5 by
bolt 14 at the other end.

In place of the 2nd conductor 8 of the first embodiment,
this embodiment includes a 2nd conductor 80 which 1s
formed of wire that 1s covered by an electrically insulating
film. One end of the 2nd conductor 80 1s fixedly attached to
the linking electrode 12 by bolt 15, and the other end 1s
fixedly attached to the terminal 7a of the 2nd supply lead 7
by the bolt 16.

As shown 1n FIG. 5, which 1s a cross-sectional view 1n the
plane B—B idicated in FIG. 4, a portion of the 2nd
conductor 80 1s formed as a coil 80a which 1s wound around
a part of the magnetic core 10, and hence around the
magnetic circuit. In the same way as for the first embodi-
ment, the magnetic core 10 1s formed with a gap 10a,
constituting a gap in the magnetic circuit, into which 1s
inserted the magnetic flux sensor 11.

The magnetic flux sensor 11 has a detection range corre-
sponding to the dynamic range of the starting current that
flows 1n the 1st conductor 6, 1.e., with the detection range
being appropriate for accurately detecting current values of
the order of 1000 A. The coil portion 80a of the 2nd
conductor 80 has a number of turns that 1s predetermined
such that the magnetic flux density produced in the magnetic
circuit of the magnetic core 10 due to current tlow through
the 2nd conductor 80 1s within the detection range of the
magnetic flux sensor 11.

The operation of this embodiment 1s as follows. Desig-
nating the value of current that flows in the 2nd conductor
8 as 12, the number of turns of the coil portion 80aq of 2nd
conductor 80 as n, the magnetic field strength as H2, the
magnetic permeability of the magnetic core 10 as p, the
cross-sectional area of the magnetic core 10 as S, magnetic
path length as L, and the total magnetic flux density as B2,
the following relationships are true:

H2=n-12/L [A/m] (3)

B2 =u-H2 |[WD]
=u-n-12/L

(4)

The relationship between the number of turns n of the coil
portion 80a of 2nd conductor 80 and the amount of magnetic
flux that 1s produced 1n the magnetic core 10 by the tlow of
current through the 2nd conductor 80 is obtained from the
above equations (3) and (4). From these equations it can be
understood that the total amount of magnetic flux B2 that 1s
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produced 1n the gap 10a of the magnetic circuit, due to
current tlow through the 2nd conductor 80, 1s proportional to
the number of turns n of the coil portion 80a of 2nd
conductor 80, and so can be arbitrarily set by altering that
number of turns. Hence, assuming that the maximum value
of the starting current 1s 1000 A and the maximum value of
the normal current (as defined hereinabove for the first
embodiment) 1s 200 A, then a value of 5 1s suitable for the
number of turns n. In that way, the amount of magnetic tlux
that 1s produced due to the normal current flow through the
2nd conductor 80 and the amount of magnetic flux that is
produced due to the starting current tlow through the 1st
conductor 6 will be of similar magnitudes.

Alternately stated, with this embodiment the number of
ampere-turns of the normal current that produce magnetic
flux 1n the magnetic circuit 1s increased by a predetermined
proportion, determined by the number of turns of the coil
portion 80a.

In that way 1t 1s made possible with the embodiment to
calculate the value of normal current flow through the 2nd
conductor 8 by dividing the value of current 12 that is
detected by the magnetic flux sensor 11 by the number of
turns n of the coil portion 80a of 2nd conductor 80.

With the electric current detection apparatus 100 of the
second embodiment, in the same way as for the electric
current detection apparatus 1 of the first embodiment, the
single electric current detection apparatus 100 can accu-
rately measure the respective values of current that flow in
two systems 1n respectively different conduction occasions,
even when the dynamic ranges of the respective currents of
the two systems are substantially different. Moreover this 1s
accomplished without the need for a complex structure
having high manufacture cost, e.g., with it being unneces-
sary to provide a high density winding for bypass adjust-
ment, as 1s required when utilizing a prior art type of
magnetic balance current detector that 1s capable of detec-
tion range switching as described heremabove.

Third Embodiment

FIG. 6 1s an oblique view of a battery module 19 accord-
ing to a third embodiment of the mnvention. With this
embodiment the electric current detection apparatus 1 of the
first embodiment (or the electric current detection apparatus
100 of the second embodiment) attached within a case that
1s formed of a material such as synthetic resin, cast alumi-
num, etc., 15 mounted on a battery 2 as shown, to thereby
constitute a battery module 19. Since the electric current
detection apparatus 1 1s directly mounted on the battery 2,
the connecting lead between the electric current detection
apparatus 1 and the terminal 17 the battery 2 can be very
short, and space saving can be achieved.

Fourth Embodiment

FIG. 7 1s a system block diagram of a battery status
monitoring system according to a fourth embodiment of the
invention. With the fourth embodiment, the battery status
monitoring system monitors the internal status of the battery
2 based on the values of current that are measured by using
the electric current detection apparatus 1 of the first embodi-
ment described above (or the electric current detection
apparatus 100 of the fourth embodiment). The battery status
monitoring system shown in FIG. 7 1s constituted by a
combination of the electric current detection apparatus 1 and
a battery monitoring ECU (electronic control unit) 20 which
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uses information supplied from the electric current detection
apparatus 1 to ascertain the residual capacity of the battery
2.

As described above, the electric current detection appa-
ratus 1 (or electric current detection apparatus 100) can
accurately detect the values of starting current and of normal
current of the battery 2, which occur 1n respectively different
conduction occasions as described hereinabove. The mag-
netic flux sensor 11, configured of a device such as a Hall
cllect element, exhibits a temperature dependency in 1ts
characteristics. In order to compensate for that temperature
dependency, a temperature sensor 21 1s mounted close to the

magnetic flux sensor 11, to detect the ambient temperature
of the magnetic tlux sensor 11 and to supply this temperature
information as an output signal to the ECU 20.

The configuration of the battery status monitoring ECU
20 1s 1llustrated 1n the block diagram of FIG. 8. As shown,
the battery status monitoring ECU 20 acquires the output
signal from the magnetic flux sensor 11, the output signal
from the temperature sensor 21, the starter signal (1.e., an
ON/OFF signal from the switch 22 shown 1n FIG. 7) and the
terminal voltage of the battery 2, as detected by a voltmeter
23. The latter terminal voltage will be referred to in the
tollowing simply as the battery voltage. As shown 1n FIG. 8,
the battery status monitoring ECU 20 1s internally provided
with a temperature compensating section 20aq, an engine
start judgement section 2056, a first gain setting section 20c,
a second gain setting section 204, an SOH initial value
calculation section 20e, and an integrator section 20/, etc.

The temperature compensating section 20aq applies tem-
perature compensation for the temperature characteristic of
the magnetic flux sensor 11 1n accordance with the tempera-
ture 1n the vicinity of the magnetic flux sensor 11, as detected
by the temperature sensor 21. The engine start judgement
section 206 judges when starting of the engine 1s being
performed, based on the starter signal. The 1st gain setting
section 20c¢ calculates a value of gain G that 1s to be applied
to the output signal from the magnetic flux sensor 11, after
temperature compensation has been applied to that signal by
the temperature compensating section 20, with the resultant
gain-adjusted temperature-compensated signal being sup-
plied to the SOH initial value calculation section 20e.

When the engine start judgement section 205 confirms
that the starter signal has gone from the ON to the OFF level
(subsequent to that signal having been confirmed as being at
the ON level), 1t supplies a control signal to the 2nd gain
setting section 204, which then calculates a value K of gain
that 1s to be applied to the temperature-compensated output
signal of the magnetic flux sensor 11, that 1s supplied from
the temperature compensating section 20a through the 2nd
gain setting section 204 to the integrator section 20f.

The methods of calculating the values of gain G and K
will be described in the following. These methods differ in
accordance with whether the electric current detection appa-
ratus 1 of the first embodiment or the electric current

detection apparatus 100 of the second embodiment 1s uti-
lized.

(a) When Electric Current Detection Apparatus 1 of First
Embodiment 1s Utilized

In this case, the level of current which flows 1n the 1st
conductor 6 during engine starting 1s determined by the ratio
of the cross-sectional areas of the 1st conductor 6 and the 3rd
conductor. Designating the cross-sectional area of the 1st
conductor 6 as S1 and that of the 3rd conductor 9 as S3, the
value of gain K that 1s to be applied when the starter signal
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1s at the ON level 1s obtained from the following equation
():

K=(51+53)/S1 (5)

Since the normal current flow (as defined hereinabove) 1s
not detected at that time, the value of gain G 1s set as zero.

After the starter signal changes from the ON to the OFF
level, the value of gain G which 1s then set 1s determined by
the sample interval duration At, which is the duration of each
interval 1n which the output signal from the magnetic flux
sensor 11 1s acquired by the battery status monitoring ECU
20. Since the starting current 1s not detected at that time, the
value of gain K 1s set as zero.

(b) When FElectric Current Detection Apparatus 100 of
Second Embodiment 1s Utilized

With the electric current detection apparatus 100 of the
second embodiment, since the starting current that flows 1n
the 1st conductor 6 during engine starting 1s detected by the
magnetic flux sensor 11, the value of gain K 1s setas 1, when
it 1s confirmed that the starter signal 1s at the ON level. Since
the normal current flow 1s not detected at that time, the value
of gain G 1s set as zero.

On the other hand, designating the value of current that 1s
detected by the magnetic flux sensor 11 during normal
current flow as 12, and the number of turns 1n the coil portion
80a of 2nd conductor 80 of the 2nd conductor 80 as n, then
the actual normal current value 1s 12/n. Hence, after it has
been confirmed that the starter signal has changed from the
ON to the OFF level, the value of gain G 1s set as At/n. Since
the starting current 1s not detected at that time, the value of
gain K 1s set as zero.

The mitial value calculation section 20e has stored therein
a correlation map that expresses the relationship between
values of residual capacity of the battery 2 and correspond-
ing values of internal resistance of that battery. That rela-
tionship 1s shown as a graph in FI1G. 9. Each time that engine
starting 1s performed, the initial value calculation section
20e calculates the value of internal resistance R of the
battery 2, and obtains from the correlation map the initial
value SOHO of the residual capacity SOH at the time of
starting. The internal resistance RO of the battery 2 1s
calculated using the following equation (6), after the value
V1 of battery voltage prior to engine starting, the value V2
of battery voltage during engine starting, and the starting
current Is have been obtained:

RO=(V1-V2)/Is (6)

If a zero value 1s supplied to the mnitial value calculation
section 20e from the 2nd gain setting section 204 (1.e., when
the gain K 1s set as 0) then the immitial value calculation
section 20e continues to output the most recently calculated
value of residual capacity (i.e., calculated prior to K becom-
ing 0). That 1s to say, the 1nitial value calculation section 20e
derives an updated 1nitial value of battery residual capacity
at each engine starting conduction occasion.

As shown by the following equations (7) and (8), the
integration section 20/ obtains the amount of consumed
clectricity (1.e., ampere-hours consumed) of the battery by
first multiplying the value of battery current after engine
starting has been performed (1.e., the current 12 that flows 1n
the 2nd conductor 8) by the gain G. Thereafter 1t succes-
sively adds each of the values of consumed electricity
thereby obtained to the mnitial value SOHO that was calcu-
lated for the battery 2 by the imitial value calculation section
20e, to thereby obtain successive updated values for the
residual capacity SOH of the battery 2. The following
equation (7) applies when the electric current detection
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apparatus 1 of the first embodiment 1s utilized, while the
following equation (8) applies when the electric current

detection apparatus 100 of the second embodiment 1s uti-
lized.

SOH=SOHO+Z(I2-Al) (7)

SOH=SOHO+Z(I2-At/n) (8)

In that way, the battery status monitoring ECU 20 calcu-
lates the internal resistance RO of the battery 2 each time that
engine starting occurs, and then obtains the mmitial value
SOHO of the residual capacity of the battery 2 at the time of
engine starting (using the atorementioned correlation map),
and thereafter sequentially increments the residual capacity
by successive amounts of consumed electricity (12-At) of the
battery 2. Real-time monitoring 1s thereby achieved of the
status quantity SOH, indicating the residual capacity of the
battery 2 after engine starting has been performed.

The values of SOH that are calculated by the battery status
monitoring ECU 20 can for example be used to control the
generator 4. Specifically, when the SOH 1s above a prede-
termined level (thereby indicating that the charge status of
the battery 2 1s satisfactory), priority can be given to
regenerative operation. That 1s to say, when the vehicle 1s to
be decelerated, the amount of power generated by the
generator 4 1s increased to thereby achieve regenerative
braking, and conversely when the vehicle 1s to be acceler-
ated, the generating of power by the generator 4 1s halted.

Normally when the vehicle 1s decelerating, no mjection of
tuel mto the engine cylinders 1s performed, and the motive
energy of the vehicle 1s transferred from the vehicle wheels
through the transmission to rotate the engine. Hence, even it
the amount of generated electric power 1s increased during,
deceleration, this will not result 1n an increased amount of
tuel being consumed for generating the increased electric
power.

On the other hand during acceleration, injection of fuel
into the engine cylinders 1s performed until a target value of
vehicle speed 1s achieved. 1T electricity were to be generated
by the generator 4 during acceleration, then additional fuel
would be consumed, due to the torque required for the
engine to drive the generator 4. Hence 1f generating of
clectric power 1s halted during vehicle acceleration, then the
amount of fuel consumed for electrical generating can be
cconomized. Furthermore during acceleration, the power
that was generated during a preceding interval of decelera-
tion 1s held stored 1n the battery 2, and so can be supplied
from the battery 2 to the electrical equipment of the vehicle.

Such a form of control 1s unfavorable from the aspect of
stability of supply of electric power, since an additional load
1s placed on the battery 2 when electrical generation by the
generator 4 1s halted. Hence, 1t 1s necessary to continuously
monitor the status (1.e., SOH) of the battery 2, and when the
SOH falls below a predetermined value, inhibit halting of
clectric power generation by the generator 4. In addition, the
system can readily be configured to notily the vehicle driver
when the SOH of the battery has fallen to an excessively low
value.

ALTERNAITIVE EMBODIMENTS

As can be understood from the first and second embodi-
ments above, an electric current detection apparatus accord-
ing to the present invention 1s preferably configured with a
magnetic core 10 which concentrates the magnetic field that
1s produced by current tlow through the 1st conductor 6 and
the 2nd conductor 8, with the magnetic flux density being
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detected by the magnetic flux sensor 11. However 1t should
be noted that 1t would also be possible to use an alternative
form of magnetic sensor, e.g., which employs a magnetic
balance type of current detection method, such as 1s
described 1n the aforementioned Japanese Patent Laid-open
No. 06-201731.

It should thus be understood that various modifications to
the embodiments described above could be envisaged,
which fall within the scope claimed for the present invention
as set out 1n the appended claims.

What 1s claimed 1s:

1. An electric current detection apparatus for detecting a
first current which flows 1n a first current path during a first
conduction occasion and a second current which 1s smaller
than said first current and flows 1n a second current path
during a second conduction occasion which differs from said
first conduction occasion, the apparatus comprising:

a first conductor that 1s connected 1n said first current path,

a second conductor that 1s connected in said second
current path,

a third conductor that 1s connected in parallel with said
first conductor,

a magnetic core for forming a magnetic circuit to con-
centrate a magnetic field produced by a current tlow
through said first conductor and a magnetic field pro-
duced by a current flow through said second conductor,
and

a magnetic sensor adapted for detecting a magnetic flux
density or a magnetic field that 1s produced in said
magnetic circuit, said magnetic sensor having a detec-
tion range that corresponds to a dynamic range of
values of said current flow through said second con-
ductor;

wherein a ratio of respective values of electrical resistance
of said first conductor and said third conductor is
predetermined such that said flux density which 1s
produced 1n said magnetic circuit due to said current
flow through said first conductor 1s within a detection
range of said magnetic sensor.

2. An electric current detection apparatus according to

claim 1, wherein:

respective first ends of said first conductor, said second
conductor and said third conductor are electrically
connected to a positive terminal of a battery that 1s
mounted in a vehicle or to a body of said vehicle,

respective second ends of said first conductor and said
third conductor are electrically connected through said
first current path to a first electrical load that 1s con-
stituted by first equipment of said vehicle, and

a second end of said second conductor is electrically
connected through said second current path to a second
clectrical load that 1s constituted by second equipment
of said vehicle.

3. An electric current detection apparatus according to
claim 2, wherein said first electrical load comprises a starter
motor that 1s operable to start an engine of said vehicle, and
said second electrical load comprises by an electrical gen-
erator and other electrical equipment of said vehicle.

4. An clectric current detection apparatus according to
claim 3 wherein:

during an engine starting period, constituting said first
conduction occasion, said magnetic flux sensor detects
a magnetic tlux density or a magnetic field produced 1n
said magnetic circuit due to current flow through said
first conductor and produces an output signal that varies
in proportion to said magnetic tlux density or magnetic

field, and
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during a period that begins upon completion of said
engine starting, constituting said second conduction
occasion, said magnetic flux sensor detects a magnetic
flux density or a magnetic field produced 1n said
magnetic circuit due to current flow through said sec-
ond conductor and produces an output signal that varies
in proportion to said magnetic flux density or magnetic
f1eld.

5. An electric current detection system, comprising;:

an electric current detection apparatus according to claim
1, temperature sensor means for detecting an ambient
temperature of said magnetic sensor, and

compensation means functioning in accordance with a
temperature value that 1s detected by said temperature
sensor means, to apply compensation for a temperature
coellicient of said magnetic sensor.

6. A battery module comprising, in combination:

an electric current detection apparatus according to claim
1, and

a vehicle battery having said electric current detection
apparatus mounted thereon.

7. A battery status monitoring method comprising:

detecting a value of starting current that flows 1n a starter
motor from a battery of a vehicle when starting of a
engine ol said vehicle 1s performed, and detecting a
value of voltage of said battery during said engine
starting,

detecting an 1nitial status quantity indicative of an initial
status of said battery, based on said values of starting
current and battery voltage, and

subsequent to said engine starting, repetitively increment-
ing said 1nitial status quantity, by respective quantities
that are dertved based on successively obtained values
of discharge current and charging current of said bat-
tery;

wherein said starting current 1s detected by an electric
current detection apparatus according to claim 1.

8. An electric current detection apparatus comprising:

a first current path for supplying electric power from an
clectric power source to a first load,

a second current path for supplying electric power from
the electric power source to a load that 1s smaller than
said first load,

a magnetic sensor, disposed to be influenced by a first
magnetic field produced by a current that flows 1n said
first current path and to produce an output signal 1n
accordance with said first magnetic field, and disposed

5

10

15

20

25

30

35

40

45

16

to be influenced by a second magnetic field produced
by a current that flows 1n said second current path, for
producing an output signal in accordance with said
second magnetic field, and

adjustment means for applying adjustment whereby said

first magnetic field and said second magnetic field have
variation ranges that are of similar extent.

9. An clectric current detection apparatus according to
claim 8, wherein a conduction occasion of said first load and
a conduction occasion of said second load are mutually
different.

10. An electric current detection apparatus according to
claim 9, comprising discrimination means for evaluating an
output signal produced from said magnetic sensor respec-
tively diflerently in accordance with whether said output
signal 1s produced during said conduction occasion of said
first load or 1s produced during said conduction occasion of
said second load.

11. An electric current detection apparatus according to
claiam 8, wherein a conduction period 1n which current i1s
supplied to said first load 1s of limited duration.

12. An electric current detection apparatus according to
claim 11, comprising discrimination means for evaluating an
output signal produced from said magnetic sensor respec-
tively differently 1n accordance with whether or not said
output signal 1s being produced during a conduction period
in which current 1s being supplied to said first load.

13. An electric current detection apparatus according to
claim 8, wherein said first load comprises a starter motor of
a vehicle and said second load comprises electrical equip-
ment of said vehicle other than said starter motor.

14. An electric current detection apparatus according to
claim 8, wherein said adjustment means comprises means
for adjusting a number of ampere-turns corresponding to a
magnetic field that acts on said magnetic sensor.

15. An electric current detection apparatus according to
claim 14, wherein said adjustment means comprises current-
branching means for effecting branching of a current that
flows 1n said first current path, to thereby adjust said number
ol ampere-turns.

16. An electric current detection apparatus according to
claim 14, wherein said adjustment means comprises a coil
that 1s connected in said second current path, with said
number of ampere-turns being determined by a number of
turns constituting said coil.
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